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Patent H04-064046 



TITLE: Method and apparatus for detecting specific substances 



CLAIMS 
I 



IT,^' f u ' dele ° ting SpCCific substan «s, comprising (I) an operation sten to 

d!2 a r Wherein Said StCp f ° r j ud S in 8 *• ^"ficity of NOR 

electromagnet* wave, and (2) a sub-step ,o compare the signalsdetec ttd bv . 

derivT,!™, „f .„ k ' Wherei " S,ep for ' ud « in S the *"hentici<y of NOR 
denvauon of an observauon signal further comprises a sub-step to comoare 
between the spm relaxation time characteristics of the specific suosZces L tb. 
spm relax* ,„„ Ita . of me signa| ^ jn ^ ^ J J^J^"- *< 

rss?rmfm^ 

5 ' ^m!^ d ? ° ,aim , 4 ' Wherein said method for ^ting specific substances is 
capable of judgmg the existence of explosive materials in the object u 
inspected, by tuning the frequency of the electromagnet c wave tad ated to the 
object, ,nto at least one of the NOR frequencies in IL^SS^j? 

6. An apparatus for detecting specific substances comprising (1) a probe coil which 

• r A a v SyStem com P"sing ( 1 ) an X-ray detection device which further comprises an X 
ray generator, a means to irradiate X-rays onto the object to be i soe^ed an X 
ray detector and a monitor to display the signal of theX ray deteTr (2) a radi'o- 



rrit rPt '°; measurement devi <* ***** Anther comprises a radio-wave 
fbZ ' 3 ? d '°: wave , "; ad,ation detec ^n coil, and a means to measure the 

3 S f ra f r aVe by Spe , dfiC SUbstances in the ob J ect 10 be inspected and 
(3) capability of detect.ng specific substances in the object to be inspected bv 

using the mformation of the absorption of X-rays and radio-wave, sa' d ystSn 

8 ThelterT , t0 aP ?' y f UC magnetiC f " ed ° nt0 the ob J ect *> bi inspected 
I.! y Z ?' Wherem Said radi0 -^ve absorption measurement device 

measures the NQR signal in the specific substances in the object to inspected 

9. The system of claim 8, wherein said device to measure NQR frequencv of the 

TECHNICAL FILED 

[Industrial applications] This invention relates to the method and apparatus for detecting 
non-destructively specfic substances from a mixture of many sabZJVSL^Si 
be mspected. and more particularly to the method and apparatus suitable for hie I Iv 
reliable detection of prohibited goods such as drugs and plastic bombs * * 

PRIOR ART 

X-ray inspection systems, which are conventionally used as inspection aonarat,,, m fi„H 
dangerous goods in the carry-in luggage on aircraftand uJ^^SSl 

t S SaM arm a s V, L 8 c a . hi8h **" SUCh 35 ^^^ d 

metallic small arms as clear images on monitor screens, and are used for the prevention 

m47tn Iheothl S ^ ^ " " for ^ in *e J P pIZZ- 

18447. On the other hand, there is an invention related to the method and aooaratus for 
detectmg prohibited materials by measuring NQR absorption of ^SaS^S^U 

detect of W f I The J method > however ' is high'y selective in terms of 

ss^trss? due to the fact that ii re,ies on the nqr fre « 

TECHNICAL PROBLEMS 

a^t?? COnvent i ona '^hniques, X-ray detection systems have difficulty in detecting 
arm and dangerous goods which do not have metallic components, and are not capab e 
of detecting substances which have no particular forms or shapes such as plasfic bombs 

Thentmena 6 * *" ** ** ^ ^ SyStCmS Bering 

a 0 nH t i? ther f 3 " d ' ^ deteCti ° n meth0d Which uti,ises N Q R is independent of the forms 
and shapes of the substances, because NQR signal detected is characteristics of the 
peciflc substances. As such, the NQR method can detect substances w h ha f no 
pamcular forms or shapes such as plastic bombs and drugs. However the NQR method 
sometimes makes false detection due to the occurrence of false signals One of the 



reasons for the occurrence of false signals is because organic compound crystals often 
have ^piezo-electnc properties, even when the crystal is not a component of prohibited 
bstances. Due to the piezo electric effect, the electric vector component of irradiated 
electromagnet.c wave induces mechanical vibration in the crystals, indudng o scTn on 
S n« Tf ? C m °T m WhicH fUrther emitS ^ectromagnetlc wa e out of the Z 
fnitS S ? CqUenCy ° f emitted eIectroraa g^ic wave coincides with the frequent of 
w true NORTf ° ^ ^ deCtric Can Cause fa,se N QR signa"even 
tt facnhat the nT^,?^^ T f ° r 0ccurrence of falsfsignals is 

required. This fact is problematic, because weak signals deriving from commerctl 

Another purpose of this invention is to provide a new NQR detection svstem with 
unproved reliab.l ty, which enables detection of prohibited goods ven when it are 
made from organ.c or inorganic matters in liquid, powder or soft claWDTastic < 

Set D : t d ent h j gh ' y rdiable ° Perati ' " <~ ^go' d S the™ ject 

guaranteed " C3med ^ ^ "* ° perati ° n of -irptanJaod sh^s is ' 



MEANS 



means of detects of NQR signal derived from the atoms in the prohibit goods 
Said second purpose can be achieved by introducing a new means to iudee the 

SSSLlSi "~ of an observation signal > to the Z^Zo^s 

transmission-type X-ray inspection apparatus, a radio-wave generation device a radio 
wave transmittmg/receiving coil and a radio-wave absorption measure dev ce o" 

olrehe'" 8 ° f ^ tht Sh ^ S and substanc « °f the prohibited goods 

comprehens.ve mspection producing highly reliable results can be achieved 

SivlZof ^ a ff 10 f criminatin S and judging the authenticity of NQR 
der.vat.on of the signal observed comprises a step to apply static magnetic filed onto the 
object to be inspected and a step to compare the signals detected by S u^sitbn 
detector w.th and without applying the static magnetic field. P 

OPERATION 



filed is not applied to the substance S P^ers.) When external magnetic 
for all the fine crystallites andTu ' NOR siena? T ?" By Sp ' itting are the same 
from the entire sampl rSn Ae^« hSTn ^ ? ^ 35 3 SUm ° f the si S na,s 
widths of the spin ^c^Z^^^^T! TT" " &PpU ^ the 
crystal axis and ^n^S^S^S NOR di,€Cli0ni ° f 

from crystallite to crystallite under the external nZe 1c X aZ T V8nes 
onentational distribution of the crystal axis is In £ 8 ^ 

be detected, the NQR signal is caSed « .^i^SStaS T™* '? 

radio transmission. The refore The L nob , K f m ™ erclal broadcasting and other 
no, showany change ^i^rS'SlT 

authenticity .. WHSE,".?. SSS^T* ""^ " "* 

apparatus. ' a W'«"ron of this method onto luggage inspection 

m»^ ° f »*» ^ appiying static 

judge the authenticity of NOR etoTiak^ ' J*"' mC " ,0ds 10 disc riminate and 

response taelf Q me,hods u,ilism S *• of NQR 

static magnate field „f v 3 V ""^ ° f V " v ' are deKC,ed «** Wlied 
can he™ gSas fatestaak de Zfi^ Tf* *" ' hKe ,w ° N< 5 R «£* 



iSsi^S The 
with a time constant Ta This time coS ? Sh ° WS deC3y 38 a fijnction of time 
response of Nitrogen 14 nuclei for xan^ '^"f^ ° f the Sp6Cimen - Take NQR 
component of plaL bi^fiJSfTO ^ T ?" * HeX ° gen (a 
hexamethylenetetramine has a T valu o S T 7* abSOrptl ° n Une of 
14 nuclei shows different Ta va^es p ec mc to sX a * "n' T QR reSP ° nSe ° f Nitro S en 
external noises such as commercial brZ J SUbstan , ces ' 0n the other hand, the level of 
vessels and personal lona di«!nc, br °f dcastm 8- w,reless communication between 

circuits, and hence ,s eas.ly distinguished from the true NQR signals. 

response have been explained Bv uS 'T^ g deCay time COnStants of NQR 
specific substances, S ion m^S^d^f ^ ^ ^ t0 detect 
and high reliability 'and eS^Stt * ^ ~ 

EXAMPLES 



[Example 1] 



«• Example , is fo rgen era, 

SncS!^ 3 COntr0 " er 5 control the overall 

electromagnetic way mdi^Lt?^ t^"™? and SWeepi " 8 se( l uence ° f 
controller! an e^^SC£2£ ^ •T? * aCC ° rdanCe with * e 
electromagnetic wave hSS^whh^ ?' Ch 8Bnentes and irradiates 

setting device 4, and a »^^Sn d^^T 1 ^ SWeeping S6qUence set bv the 
object to be inspected 1 no?^ 5 det6CtS the Sp ' n transition in the 

irradiated by the' -e^^^^^ by -ve 

tSZ^^**" dCViCe 3 h3Ve 3 Coil ^ ^transmission 

2££e^ 3 irradi ^ electromagnetic wave having an 

detected in tteobjS t be nsXed TZ^ °f SpeCifiC SUbstances t0 be 
ject oe inspected 1 . The setting dev.ce 4 sets the frequency and 



leads ,o shortened .nspecon llrae and high .hrough-pu, r>,e rf ft. inspectoral, 
[Example 2] 

^fcclT? ^ 6 * COnnBCtBd l ° 3 radi °- wave transmining/receiving device 7 
conductance further changes the irradiation power of the radio-wave § 



S^2S£ n | ii S; ,he 0356 WherC eXP ' 0SiVe ' ' iS aCtUal, y C0 «" ai ^ the 

induced by the piezo effect and .h P S«!«i ? . ? 6 electrom agnetic wave 

oscillation „ r t S,gnal ^P' 3 * dev,ce 10 sh °ws the change of 

power shown on the dknlav i n Hapc ™* u . 7 ' result, it the oscillation 

Held, then s ^ a SVisl^o i ^*" y '"eT * "* applied sla,ic 



[Example 3] 



l^y™. 3 ' a , base oscillalor '4 generates a radio wave having a frequency 

the controller 5. The result SpMonteC^ In ZZ« ^ im ° 

is controlled by the controller 5. 0ff ° f lhe power S W* 3 ' 



n^^Sr P,Hhr PhaSC - deteCt0r 19 " eed » a very short 



On the other hand, when the pulse irradiated onto the object is a train of pulses the dead 
time ,n the detection system can be slightly longer. For example, when a SKe (the 
puis which rotates the nuclear spin by 90 degrees) and a . 80°' pulse are irradiated in that 
sequence with a time interval oft sec, a spin echo occurs after 2 t sec and the free 
indue ,on decay signal is induced recursively. Therefore, if the fre Tnd ctbn del 

Znef VT'f 7 ° f *' S6COnd PU,S£ iS meaSured ' the dete «ion sensitives 
retained even if the dead time of the detection system is about t sec. 

In this example two pulses having a sequence of (90"-t-I80 p ) are used Other Dulse 
sequences wh.ch are known conventionally can also be used to detect NOR s L a i L m 
nitrogen 14 nuclei in the exp.osives ... The merit of using pulse "a wave ifthatS 

Tht;rt;; e e ^" di ; r e having a iarge amp,itude ' - fss ss. 

object 1. This high mtensity of the pulse enables detection of the explosives with high 
sensmvuy, even when they are buried deep in the object 1 , far away'fZ the'leti. 

Drawing 4(a) shows the free induction decay of the NQR signal of nitrogen 1 4 nuclei in 
200g of Hexogen (used to represent an explosive material), measured affe^ i^diat on of 
a 90 pulse w.thout applying static magnetic field. The observed frequency T 
approx.mateiy 5 MHz which corresponds to the v + line. Drawing 4(b) shows the free 

SrSE 2S? y f 31 °I n ; tr ° 8en 14 nUC,Ci in HeXOgen ' --sufedafterrad a i^n ofa 
1Z I n 5 3PP 5 GaUSS ° f St3,ic magnetic field onto He ^gen by the stafic 
magnetic filed generation coil 5. It is evident in Drawing 4(b) that the signal intensitv 

fi^of ^^r 356 ' aPP ' ying St3tic magnetic filed ^ 'hat s afi m gne tic" 
filed of only 5 Gauss was sufficient to have a large effect on the NQR signa™ In contrast 
when ^ same njeasurement was performed onto a fine crystalline ^oS of sodiuS 
of g tamme acd wh.ch shows the piezo effect without applying static magnetic fieTd 
the Slgna) a ppe ar e d similar to the free induction decay signal 160 in Drawfng 4(a) 
Howe thls signal did not change the intensity and profile when static magnetic field 

2nT ru f° Ugh Change fr ° m DrawingS 4(a > 10 4 < b > is e ^cted for tme NQR 
signals. Therefore, th.ss.gnal can be judged as a false one. Therefore the method to 

S C 7*%* T ° nt ° ° bjeCt t0 be ins P ected 1 «- * «4£ bu rel able 
method to judge the authenticity of NQR derivation of an observation signal. 

[Example 4] 

Example 4 explains the system which comprises a combination of a NQR device and an 
^Z^Z ,0 det6Ct d3nger0US mat6ria,S - ° rawing 5 sho - a »t"n 

As shown in Drawing 5, the detection system comprises an X-ray transmission tvoe 
nspection device further consisting of an X-ray generator .04. X-rav tZmtss on slits 
105. a dev,ce to convey the object to be inspected .06. an X-ray sensor 07 a d a W 



detection monitor 108, equipped with a radio-wave generator 101, a radio-wave 
transimtting/receiving coil 102, a radio-wave absorption measurement device 103, a static 
magnetic field power source 3' and a static magnetic field generator coil 5'. 

Metallic dangerous materials in the object to be inspected 109, such as metallic fire arms 
and explosives sealed in metal pipes, can be easily detected because of their shapes 
appeared on the X-ray detection monitor 108, due to the fact that their X-ray scattering 
intensity ,s very high. However, if the explosives are made of organic or inorganic 
materials having a low X-ray scattering intensity in liquid, powder or plastic forms the 

ZtZl?\ m readily d ! v^ 16 35 3 C,6ar imagC ° n th * X - ra y det ' cti °" monitor 108 
by us ng the aforementioned X-ray transmission type inspection system. Instead, 

detection of the absorption of radio-wave at frequencies characteristic of the dangerous 

materials can be performed by using the radio-wave generator 101, the radio-wave 

transmitting/rece.ving coil 1 02 and the radio-wave absorption measurement device 1 03 

For example, as the first step, a radio wave, which has a frequency characteristic of ' 

generator T U * ^ in ^ di ^ is g en ^ted by the radio-wave 

generator 101 . and the absorpt.on mtens.ty of the radio wave irradiated onto the object 
1 09 is measured by the radio-wave transmitting/receiving coil 1 02 If there is no 
absorption detected by the radio-wave absorption measurement device 103, then it can be 
judged that the object .09 does not contain Hexogen. If some absorption is observed th 
absorpt.on mtens.ty SO when static magnetic filed is not applied, and the absorption 
intensity S I when static magnetic field is applied onto the object 109 by the static 
magnetic field power source 3' and the static magnetic field generator coil 5', are 
IwSSn h decrease from SO, then it is judged that the object 

1 09 contains Hexogen. On the other hand, if S 1 does not show change from S 1 then the 
signal observed ,s judged as a false signal derived from external noises etc and the 
tedious procedure to open the object 109 for inspection can be omitted. He'nce the 
inspection can easily become more reliable and efficient. 

As explained above, by using the method shown in this example, comprehensive 
detection of dangerous materials can be made by using not only the shape but the 
physica propert.es and chemical compositions of the materials. As such, explosive 
matenals. wh.ch are made of organic or inorganic compounds having a low X-ray 
scattering intensity in liquid, powder or plastic forms and hence can not be easily 
detected by conventional X-ray transmission type inspection devices, can be detected 
witnout tail. 

[Effect of invention] 

According to this invention, for the detection of specific substances in the object to be 
inspected using a NQR device or a combination of a NQR device and an X-ray 
transmission-type inspection device, a new step is introduced to judge the authenticity of 

me fn tTf ° f ^^f ** is measured in a «ep to detect! spin transition, so that 
the inspection can be significantly more reliable, which enables faster inspection by 
cutting the time wasted on opening the luggage to be inspected, leading to significant 
improvement ofthe through-put rate of the inspection Significant 



DESCRIPTION OF DRAWINGS 



Drawings I - 3 show the configuration of the systems used to explain the examples I - 3 
Drawing 4 shows the NQR signal for nitrogen 14 nuclei in Hexogen observed using the ' 
detection system in example 3. 5 
Drawings 5 shows the configuration of the systems used to explain the examples 5 

Drawing 1 

I Object to be inspected 

2 Spin transition detector 

2' .... Display device 

3 Electromagnetic wave irradiation device 

3 ' . . . Static magnetic field power supply 
4 .... Setting device 
5 Controller 

5' .... Static magnetic field generation coil 



Drawing 2 

I Object to be inspected 

3' .... Static magnetic field power supply 
5' .... Static magnetic filed generation coil 

6 Probe coil 

7 Radio-wave transmitting/receiving device 

8 Frequency controller 

9 Amplifier 

10 .... Signal display device 

I I ... Explosives 



Drawing 3 

1 Object to be inspected 

3 ' Static magnetic filed power supply 
5 Controller 

5' .... Static magnetic field generation coil 

11.... Explosives 

14.... Base oscillator 

15.... Pulse gate 

16.... Power amplifier 

17.... Irradiation coil 

18.... Pre-amplifier 

19.... Phase detector 

20.... Fast A/D converter 

21.... CRT 



Drawing 4 
X-axis Time 



Y-axis Signal intensity (arb. units) 

160 & 160' .... Free inductive decay signal 

Drawing 5 

101 Radio-wave generator 

102 Radio-wave transmitting / receiving device 

103 Radio-wave absorption measurement device 

104 X-ray generator 

105 X-ray transmission slits 

1 06 Device to convey the object to be inspected 

107 X-ray sensor 

'08 X-ray detection monitor 

3 ' Static magnetic field power supply 

5 ' Static magnetic filed generation coil 



